c.) Remarks B EST AVAILABLE COPY 

The specification has been amended for better clarity, as discussed below. 
No new matter has been added. 

Claims 6, 16, 24, 31, 38 and 50 are withdrawn as being directed to a 
constructively non-elected invention. In response, in order to reduce the issues, these 
claims are cancelled without prejudice or disclaimer. 

Claims 37, 43 and 44 are rejected under 35 U.S.C. §112, first paragraph, as 
failing to comply with the written description requirement. Applicants previously 
amended the claims to clarify the accepted relationships among Saxifragaceae, Saxifrage 
and Hydrangea and, in response, the Examiner stated those "arguments without any 
evidence are deemed to be speculative [in] nature." 

In order to address the Examiner's concerns, Applicants respectfully wish to 
point out that in the present specification, the plants are classified based on the taxonomy 
in Makino's Illustrated Flora in Color, 40th edition, Hokuryukan (June 10, 1984) and 
Makino's New Illustrated Flora of Japan, 1st edition, Hokuryukan (May 10, 1983). See 
specification page 10, lines 18-23. The genus Hydrangea and the genus Saxifraga are both 
classified as belonging to the family Saxifragaceae according to this taxonomy. 

In 1988, the family Hydrangeaceae was separated from the family 
Saxifragaceae, and according to this new taxonomy, the genus Hydrangea is classified as 
belonging to the family Hydrangeaceae. The specification has above been amended in 
conformity therewith. 
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Claims 37 and 43-44 remain rejected under 35 U.S.C. §103(a) as being 
unpatentable over Yamahara in combination with Levinson. This rejection is respectfully 
traversed. Prior to setting forth their bases for traversal, however, Applicants would 
briefly like to discuss the salient features of the present invention and inter alia its 
patentable nature over the prior art. 

As the Examiner is well-aware, the feature of the present invention is the 
use of an extract obtained by the method according to claims 37 and 43. The use of that 
particular extract causes excellent effects as evidenced in the present specification. 

In support of the rejection, the Examiner states that Yamahara teaches on 
page 2, paragraph 2 of English translation that the methanol extract of Hydrangeae Dulcis 
Folium itself has strong radical eliminating effect and inhibitory effect on oxidation of 
lipids and not just the crude drug phyllodulcin. According to the Examiner, 

if liver peroxidation were inhibited, irrespective of the 
cause of the lipid peroxidation, the liver function would 
be protected . Page 4 of the Office Action at lines 7-8 
(emphasis added). 

However, there is no recognized correlation between the inhibitory activity 
on lipid peroxidation and the protective potency against liver injury. Accordingly, liver 
injuries such as hepatonecrosis cannot be protected simply by inhibiting lipid peroxidation, 
as propounded by the Examiner to support obviousness. Indeed, this is explicitly shown in 
Suzuki et al. (Yakugaku Zasshi, 1 10(9), 697-701 (1990)), the original and an English 
translation of which are both enclosed herewith at Tabs A and B. The Examiner's 
attention is respectfully invited to the underlined portion in the Results and discussion of 
the reference (pages 3-5 of the translation). 



As discussed in Suzuki, fourteen representative commercial antioxidants 
were evaluated for protective effect on liver injury at their maximum administrable 
dosages. In distinct contrast to the Examiner's assertions noted above, potency was found 
only for a very few, and worsening of liver injury was evidenced for several. Moreover, as 
stated at page 3, lines 29-34, 

[a]s a result of administering these antioxidants to normal 
rats, no significant difference was found between the 
group treated with any of them and the non-treated group 
and thus, it was confirmed that there is no direct influence 
of the antioxidants on the determined value of the serum 
components. (Emphasis added.) 

Additionally, these data confirm that liver injury cannot be prevented simply by inhibiting 
increased lipid peroxide content (see page 4). For instance, BHA (butylated 
hydroxyanisole) is highly antioxidative but provides no liver injury protection, while 
cysteine (which is only very mildly antioxidative) provides excellent liver injury protection 
(see page 5). 

This knowledge belies the Examiner's bases of rejection and plainly fail to 
suggest the unexpected results obtained by the present invention. 

Specifically, example 16 relates to the inhibiting activity of extracts of 
Hydrangeae Dulcis Folium on D-galactoseamine-induced rat hepatopathy using the feed 
of Example 10 containing 1% freeze-dried power of Example 5, which is with the 
extraction method of the present invention. Similarly, example 22 relates to the building 
inhibiting activity of an ethanol extract of the residue of a water extract of Hydrangeae 
Dulcis Folium on alcohol/LPS-induced rat hepatopathy using the feed of Example 20 
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containing 1% freeze-dried powder of Example 5 obtained with the extraction method of 
the present invention. 

Both of these examples show that the inhibiting activity of the extract 
obtained by the method of the present invention is several fold higher than the inhibiting 
activity of an extract obtained from the same plants using conventional methods. 1 

In view of the above amendments and remarks, Applicants submit that all of 
the Examiner's concerns are now overcome and the claims are now in allowable condition. 
Accordingly, reconsideration and allowance of this application is earnestly solicited. 

Claims 37, 43 and 44 remain presented for continued prosecution. 



1 As shown in Table 1 of Example 16, GTP activities (%) of the feeds of Examples 7-9 (containing 

the freeze-dried powders obtained by methods other than the present invention, e.g., powders produced in 
Example 1, 2 and 4) are 30.5-49.8. In contrast, GTP activity (%) of the feed of Example 10 (containing 
freeze-dried powder obtained according to the present invention) is 14.3. The result indicates that the 
hepatopathy-inhibiting activity of the feed containing the freeze-dried powder obtained by the method of the 
present invention is vastly superior higher than those of the controls. 

Similarly, table 5 of Example 22 shows that the serum GPT and GOT activities which are 
indications of liver function disorder were as low as 10.8% and 7.7% of those of the control group using the 
feed produced in Comparative Example 2. These results too indicate that hepatopathy-inhibiting activity of 
the feed containing the extract obtained by the method of the present invention is remarkably higher than the 
controls. 
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Applicants' undersigned attorney may be reached in our New York office 



by telephone at (212) 21 8-2100. All correspondence should continue to be directed to our 
below listed address. 



FITZPATRICK, CELLA, HARPER & SCINTO 
30 Rockefeller Plaza 
New York, New York 10112-3801 
Facsimile: (212)218-2200 

LSP\ac 



NY Main 575099 1 



Respectfully submitted, 




Registration No. 3 1 ,865 
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Protective Effects of Antioxidants on Experimental Liver Injuries^ 

Makoto Suzuki,* .Noiiko Kuma2:awa,° Setsuko Ohta,° 1 
Asahi Kamooawa* and Masato- Shinod a* * a 

Faculty of Pharmaceutical Science, Hoshi University »,* 2-4-41% Sbara, 
Shtnagawa-ku, Tokyo, 142, Japan and St, Martanna University 
School of Medicine* 2~16-1 % Sitgao, Miyamae-ku, 
Kawasaki, 213, Japan 

(Received. March 13. 1990) 

Protective effects of 14 kinds of. antioxidant on liver injury induced by carboa tetra- 
chloride. (CCU) were investigated in teems of serum enzyme activities and bilirubin con- 
centration. Consequently, the significant protective effects were found in sesame], ellagic 
acid, cystearnine and cysteine. These antioxidants clearly decreased the lipid peroxide in 
the liver tissue, The protective effects on CCU-induced liver injury in vivo were in- 
dependent of the inhibitory activities on lipid peroxidation in hepatic mitochondria fraction 
in vitro. 

Keywords— antioxidant; liver injury protection: lipid peroxide;, carbon tetrachlo- 
ride; sesarnpj; tocopherol 

JF»#Kl»i"*Ka-ftfec^)S^^^? s f^i^-CV^^^-•> tf-a-Tocopberol fea^'O^OKWbftlt CCU V^X.* 

*o»*«r«twux^*%©it^«cv^ ttcm&mtoK ecu 3Ti 0a*ufc«ojia»aK»*!Stt^«#» 

£ B © SB 

ft^g^ Cysteine It Sigma sesamol, ellagic acid it Alddcb ffeOB**t«Biiase*Xit 

SKWffFB*l»^^KB mt&. •«fei'-reic*#ufc*B ll, -trtf-pfc. CCfc 0.3 ml/kg P 
^^l^ffi&F*3fi*U jfl* 24h ^TfT^lSJ^J: O^Jfcby-c jfilW^O glutamate oxalacetate 

transaminase (GOT)., glutaraatc pyruvate transaminase (GPT) Karmen g*," 5 lactate dehydrogenase 
(LDH) H Wacker j eU cine aminopeptidase (LAP) rt Nagel Be P /Hf V (T-BIL) igCtt^y 

if y (D-BIL) ft Jendrassik ft^ieiJ: 5, SlftS* £ S£r#?r£tt (TBA-380, */w) -CMCUfe. 

5# Tween 80 t*K»2*B*»RaMb&t9- 30 min t9fcffiBflS-£Ufc« 

ra&*a»B{t»ssoMx cci 4 jm^fywm^ m^mfm^m u 5# ** * + - b 

II. W^/fey -/vffi (TBA) * »»K^IHCS*n£L*2. aBHbBKfift. fff^a I g V <£> 

ff**l8BWAJ^ »H»WB**«*W^O^***itft7LUff W Ufc. 

******* #m WfcB(ifc»Wff.-W»4-»aBW S^gL^too 

^ Bffttttttt-ro-ftftBW xl0 ° 
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ssm^j&s**, ®&my><o%.<o&-&&Ktt'tz wn+vmwb) &-$-m<o&m&{&<D&<oiift&% student's 

/-test tc± OttSLfc. 

tt * a * e 

IBVtjR^a^WUfcfg^, -H?te»;ftg>8E*»<b»VCV>'a cvBteaminB.w cysteine*^ tttfl\Ki, sesftmol. ellaeic 

acid iC-rx-Ctt Ja H aaffij - '-*>t hntvl WHfmvfnto. ffiHTl /ff-^tncnnhprol 

mmit®Vbh.?±m&ftM1£faKtt^Z&&m£!imftti^z. i*Sl82l/fc (Table II). 

*U<aiV,' Ca,BF»Si»ffi3&;&tf&»&;h.fc. Ellagicadd *9 1?# y*>flDtf.4WI?L.-C& 

iS!Rffl-ea:-^U-ci>2>fc». HJc^frt'otftK^iESS-eistiiwii.*. .fa viva -e^-eas^fc 4 «oiE%7 
tt. vfh,i cc\ l \zz*,wmm#0miitemmttv±&*tt KtoM\.iz (Table im. HMHcvaMHk 

m'&%*.<0±&**imKism\.tz rfy-c-tocopberol. /fl-or-tocopheTol acetate o 2 fl {Table ffl} Wl. ifttttiEa- 
OgB^&ij:Lfc CC1. IffliggKittteah-efro-fci (Table 3) . ZKhOZ k*P >. CCL >c;t*lff«Hft>fr<0ifflEE 
ftll^^P± *»«l«Ktt-*»H--t*tt. dhfrfr^ttWtt^MBJ-T.frOCI, raMMHttTCfrfrV^** 
Lo» U <fl-a*tocopberol Kio^-cH Yoshikawa fe^, Wlstar Jfctttt? » HC. a-tocopherol fc&*tRijS-tt* 4*" 

3H&3&***.&. ecu * i mssKfls-^-ra c ttci nuit* gpt *%mt ufc ecu BF»«*ifrBW* 

cifcg&fct:*'?. ^tocopherol i t»tjflittfifc^<5ffiS&%J8^2: l/fc CCUfrli^t.&frS'f* 

/n vf W o»»*«-*ttiiHfc4&oiigR5aKfls«i«ijattoffliffiett. y y -^u^s.^nt^M^^m. 1 ' 1 9 

#*vri--*VLZ SSHJfcfiSUfc^igt IF* o " v -A^riffH h =» * Kl) 7 Srffiv* 

KBT%«V^fc^ac^fJofc (Table IV). -t<?>^. butyl hydroxyanisole (BHA) i sesamoid ^-tocopherol 



Table II. Influence of Only Antioxidants Administration on Serum Enzyme Activities 



Sample 


Molecular 


Dose 


GOT 


GPT 


LDH 


LAP 


T-BIL 


D-BIL 


weight 


(mmol/kg) 


(ru/« 


(ru/i) 


iWfl) 


(IU/1) 


(mg/dl) 


(n?g/dl) 


Nontreated 






130±111 


18±3 


434± 61 


19±3 


0,23±0.09 


.0.13±0. 09 


l- Ascorbic acid 


198.11 


1 


U9± 


16 


21 ±4 


807±640 


21 ±4 


0. 21 ±0. 06 


0.10±0, 04 


Sesame) 


138. 12 


1 


126 ± 


11 


22+2 


835tfc 91 


20 ±2 


0.20±0. 02 


O.ll±0.02 


Gallic acid 


188. 14 


1 


97 ± 


17 


17±5 


637rfcl40 


16±3 


0. 22±0, 05 


0.11±0. 03 


(hydrate) 




















Ferulic acid" 


194, 19 


1 


111± 


16 


16±3 


8l7zb 69 


19±3 


0.22=b0.03 


0. 12±0. 03 


Ellagic acid 


338. 22 


0.12 


\\1± 


3 


15 ±3 


560±159 


15 ±3 


0.21±0. 03 


0. 10=fc0. 03 


(dihydratc) 




















BHT 


220.36 


1 


117± 


36 


17±3 


448 ± 99 


20=fc3 


0.24±0.12 


0. 12±0. 03 


BHA 


180.25 


0.5 


145± 


69 


20±5 


545±381 


16*3 


0. 25 ±0. 03 


0. 14±0. 05 


rff-cr-Tocopheiol 


472. 75 


1 




16 


19±3 


462±152 


20±3 


0.18 ±0.03 


0. 08=fc0. 03 


acetate 




















Cysteine 


121.20 


8 


124 =t 


16 


23±5 


688=b282 


19db3 


0.20±0. 05 


0, 08 ±0. 03 


Lino] etc acid 


302. 43 


0.08 


102 ± 


33 


16±3 


547±15l 


19zfc3 


0. 19±0. 02 


0. 09±0. 03 



Each value i* the rocAo£S.D. of 2 rats. 
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Table III. Protective Effect6 of Antioxidants on Lipid Peroxidation Induced by CCU 



Sample 


Molecular 
weight 


Dose 
(mmol/kg) 


Lipid peroxide 
MDAnmoJ/g tissue 



Nontreaud 






133 ± 74 


CCU control 






4312±1673 


^Ascorbic acid 


198.11 


1 


4444±1636 (-3.2) 


Isoascorbic acid 


176. 12 


1 


2403±1160 a > ( 45.7) 


Sesarao) 


138. 12 


1 


212± 142»> ( 98.1) 


Gallic acid (hydrate) 


188. 14 


1 


3695*1318 < 14.8) 


Ferulic acid 


194.19 


1 


,4001± 302 ( 7.4) 


EUagic acid (di hydrate) 


338.22 


0. 12 


I51i±1632 tt > ( 67.0) 


BHT 


220. 36 


1 


3233± 234 < 25.8) 


BHA 


180.25 


0.5 


3455± 540 ( 20. 5) 


<fl-a-Tocophero] 


430.72 


1 


336^ 84" ( 95.1) 


rf/-cr«Tocopherol acetate 


472.75 


1 


148 ± 46*> ( 99.6) 


Vitamin Kt 


450. 71 


1 


2445±1QQ8*> ( 44.7) 


Cystcaminc (hydrochloride) 


113. 6Q 


2 


173± 98" X 99. 0) 


Cysteine 


121.20 


8 


104± 32 B > (100.7) 


Llrioleic ac5d 


302.43 . 


0.08 


721± 18 6> ( 97.8) 


Each value Is the mcan^SJD. of 4 rata (only CCU-t tested group is 20 x*tg. 


Values fa* par en thassa Indicate protective potencies. 



Frotectfva potency f ( CC1 < go^-CSampIa^CCl^ grOop) 
WotocMVfi potency { /a - <cc , 4 ^(Kcuq treated gx-oup) * im 

Significantly different from CCU-txaaiBd control group, d) p <0.05, b) p<0.0 J . 



Tablb IV. Inhibition of Lipid peroxidation of Liver Mitochondoria Fraction 
Induced by Ascorbic Acid Plus ADP-Fe >+ 



Sampled 


Molecular 
weight 


(M) 


(A*$A°1) 


BHA 


180.25 


3.94X1O- 0 


0. 71 


Sesaxno) 


138.12 


8. 83xl0"« 


1.22 


di* ^-Tocopherol 


430^72 


1.61X10'' 


6.93 * 


Gallic acid (hydrate) 


18B. 14 


5. 43X10-* 


10,23 


EUagic acid (dihydrate) 


338.22 


6. 16X10-* 


208.45 


Cysteacoine (hydrochloride) 


113.60 


6. 35X10-* 


72. 12 


Linoleic acid 


302.43 


9.05X10-' 


273. 56 


Ferulic acid 


194.19 


9.O9X10-* 


176. 54 


<ff-ct-Tocopherol acetate 


472.75 


1, 17x10"' 


554. 62 


Cysteine 


121.20 


4.44X10-' 


537. 98 


Vitamin 


450.71 


> 2. 22x10-" 


>JO0Q. 00 



a) Ench sample was dissolved in Krete-Ringcr phoBpbato buffer or 5% Tmea 20. p> 5D% Xohtbiiory concentration. 

X * *a^|gSifi^bftlgSSJ^ ! -^.PpH. ±fc vitamin K x KkmXfim&bh-tet^fr- aBv^agflsffi*** U 

a; bha as cci, KBgjgi^ aaa^ajL, -»«v. oa, Eaaaagama^i^ cysteine sMMsuusaM 
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Injuries 11 

Makoto Suzuki / a Noriko IOUMAZXWA, a Setsuko OHTA, a 
Asahi KAMOGAWA h and Mas at o SHINODA*'* 

Faculty of Pharmaceutical Science, Hoahi University,* 
2-4-41, Ebara, Shinagawa-ku, Tokyo, 142, Japan 
and St. Mariaima University School of 
Medicine, h 2-16-1, Sugao, Miyamae-ku, 
Kawasaki, 213, Japan 

(Received March 13, 1990) 

Protective effects of 14 kinds of antioxidant on liver 
injury induced by carbon tetrachloride (CC1 4 ) were 
investigated in terms of serum enzyme activities and 
bilirubin concentration. Consequently, the significant 
protective effects were found in sesamol, ellagic acid, 
cysteamine and cysteine. These antioxidants clearly 
decreased the lipid peroxide in the liver tissue. The 
protective effects on CCla-induced liver injury in vivo 
were independent of the inhibitory activities on lipid 
peroxidation in hepatic mitochondria fraction in vitro. 

Keywords - antioxidant; liver injury protection; 
lipid peroxide; carbon tetrachloride; sesamol; 
tocopherol 

As lipid peroxidation is considered to be one of the main 
causes for liver injury induced by carbon tetrachloride 
(CCl 4 ), a) ' 3> the effects of antioxidants on CCl 4 -induced liver 
injury have been investigated. 4 " 6) Although some antioxidants 
including dl -a- tocopherol have been reported to inhibit lipid 
peroxidation of liver induced by CC1 4/ 7,B) there are not many 
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reports that investigate the effects of antioxidants on liver in 
terms of serum enzymes. It is known that serum enzyme activities 
after administration of CCl* to experimental animals once have 
a strong correlation with the degree of histologically determined 
liver injury. 9) In this experiment, we investigated whether or 
not 14 kinds of typical antioxidants protect CCl 4 -induced liver 
injury in terms of variation in the serum components. We also 
investigated relation between antioxidative activity and 
protective potency against experimental liver injury by 
determining inhibitory activity on lipid peroxidation in vitro. 

Experiment 

Substances used Cysteine produced by Sigma, and seeamol and 
ellagic acid produced by Aldrich were used. Other drugs used are 
the products of Wako Ounyaku. 

Teat on the protective potency against experimental liver injury 

Experiments were carried out according to the method already 
reported by the present authors. 10 * An olive oil solution of o . 03 
ml/kg of CC1 4 was intraperitonealy administered* After 24 hours 
of administration, blood was collected from abdominal inferior 
vena cava. Of the serum components, glutamate oxalacetate 
transaminase (GOT) and glutamate pyruvate transaminase (GPT) were 
determined by the method of Karmen, la) lactate dehydrogenase <LDH) 
by the method of Wacker, 120 leucine aminopeptidase (LAP) by the 
method of Nagel, 13) and total bilirubin (TBIL) and direct bilirubin 
(DBIL) by the method of Jendrassik 14) using a biochemical 
autoanalyzer (TBA-380, Toshiba Medical) . The samples were, 
suspended in water or 5% Tween 80 and intraperitoneally 
administered 3 0 minutes prior to the administration of each injury 
inducer. 

Determination of the amount of lipid peroxide in the liver tissue 
At the time test was carried out on the protective potency against 
liver injury induced by CC1 4/ the liver was excised after the 
collection of blood, its 5% homogenate solution was prepared, and 
the amount of lipid peroxide was determined by the thiobarbituric 
acid (TBA) method. 15 ' 10 The amount of lipid peroxide was expressed 
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as the amount of malondialdehyde (MDA) per 1 g by weight of the 
liver. 

Indication of tha protective potency against liver injury 105 
Protective potency against liver injury was calculated by 
applying each mean value of the determined values to the following 
equation: 

Protective potency (%) 

Inducer-administexed group - (Sample •+ Inducer) "administered group 

Inducer -administered group - Non- treated group 
x 100 

As regards the effect of the samples, significance of the 
difference in the determined values between the (sample + 
Inducer) -administered group and the only inducer - admini st ered 
group was tested according to Student's t-test. 

Determination of inhibitory activity on lipid peroxidation in 
hepatic mitochondria Experiments were carried out according 
to the method of Ohta et al. 17) 

Results and Discussion 

1. Protective effect of antioxidants on liver injury induced by 
CC1 4 

Protective effect on liver injury induced by CCI4 was 
investigated with respect to 14 kinds of antioxidants (Table I) , 
Taking toxicity into consideration, investigation was carried out 
UBing maximum administrable dose for all the antioxidants. As 
a result, significant potency was found with sesamol and ellagic 
acid in addition to cyateamine 10) and cysteine 110 with which the 
potency has already been found with respect to all the items . 
However, a worsening tendency was observed with butyl 
hydroxy toluene (BHT) and dl- a- tocopherol . As a result of 
administering these antioxidants to normal rats, no significant 
difference was found between the group treated with any of them 
and the non-treated group and thus, it was confirmed that there 
is no direct influence of the antioxidants on the determined 
values of the serum components (Table II), 
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Sesamol is an antioxidant contained in sesame oil and is said 
to have a strong antioxidative activity. In this experiment, a 
remarkably strong protective potency of sesamol was found against 
liver injury induced by CC1 4 . Ellagic acid is a polyphenol formed 
by hydrolysis of ellagitannin and is said to have 
antimutagenicity 19 ' 20) and anticarcinogenicity • 230 In this 
experiment, this substance was administered in an emulsified 
state as it is poorly soluble. Further investigation on suitable 
solvents may be necessary. Any of the 4 kinds of substances which 
were effective in vivo significantly inhibited increase of the 
lipid peroxide content in the liver tissue induced by CC1 4 (Table 
III) . However, 2 kinds of substances dl -^-tocopherol and 
dl-u- tocopherol acetate which likewise inhibited increase of the 
lipid peroxide content (Table III) were ineffective on 
GCI4- induced liver injury in terms of variation in the serum 
components (Table I) » From these findings, it is considered that 
CCl 4 -induced liver injury in terms of the serum components cannot 
be protected only by inhibiting the increase of lipid peroxide 
content in the liver tissue induced by CC1 4 . However, as to 
dl-a-tocopherol, Yoshikawa et al. B) found that a-tocopherol 
protected CCl 4 -induced liver injury in terms of GTP in serum by 
administering the substance as a feed mixture to female rats of 
Wistar strain for 4 months followed by intraperitoneal 
administration of CC1 4 once. Thus 7 dl- of- tocopherol is considered 
to protect CC1 A - induced liver injury in terms of variation in the 
serum components depending upon the experimental conditions. 
2 . Inhibitory effect on lipid peroxidation in. hepatic 
mitochondria 

For the determination of inhibitory activity of antioxidants 
on in vitro lipid peroxidation, various methods including the 
method using air oxidation of linoleic acid, 16) the method inducing 
lipid peroxidation by lipoxygenase 22 * and the method using hepatic 
microsome or hepatic mitochondria 17 * are carried out. In this 
experiment, we carried out the method using hepatic mitochondria 
(Table IV) , considering the influence of the test substances on 
the drug metabolism enzyme systems. As a result, a stronger 
inhibitory effect was found with butyl hydroxyanisole (BHA) and 
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eesamol than with dl-o?- tocopherol . Further, no effect was found 
with vitamin K a . From the fact that BHA which showed high 
antioxidative ability is ineffective on CC1 4 - induced liver injury 
whereas cysteine that showed high protective potency against 
CCI4- induced liver injury has a weak inhibitory potency against 
lipid peroxidation compared with other compounds, correlation 
between inhibitory activity on lipid peroxidation in hepatic- 
mitochondria in vivo and protective potency against CCl 4 -induced 
liver injury in vitro may be rather low . 

Considering from all of the above results, it is suggested that 
CC1 4 - induced liver injuries such as hepatonecrosis that are 
estimated by variation in the serum components cannot be protected 
only by inhibiting lipid peroxidation induced by CC1 4 . That ie 
to say, CCl 4 -induced liver injuries may involve a factor other 
than lipid peroxidation. So, it may be necessary to further* 
investigate a mechanism in which CC1 4 deviates enzymes into blood. 
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Table n. Influence of Only Antioxidarits Administration on Serupa Enzyme Activities 



Sample 


Molecular 


Dose 


GOT 


OPT 


L3DH 


LAP 


T-BIL 


D-BIL 


Weight 


(inmol/kg) 


(IU/1) 


(ru/o 


(IU/1) 


(rum 


(mg/dl) 


(mg/dl) 


No&treated 






130±111 


18±3 










L-Ascorbic acid 


198.11 


1 


U9± 16 


21±4 


S07±640 


21*4 


0/21 ±0,06 


0.10*0.04 


Sesatnol 


13B.12 


1 


m± ii 


22±2 


835± 91 


20±2 


0.20*0.02 


0. 11*0. 02 


Gallic acid 


183,14 


1 


97± 17 


17±5 


637±140 


16±3 


0.22±0. 05 


0.11*0. 03 


(hydrate) 
















Ferulic acid- 


194.19 


1 


111± 16 


16±3 


817± 69 


19±3 


0«22±0, 03 


0. 12*0. 03 


Ell agic acid 


338.22 


0,12 


117± 3 


15±3 


560±159 


15*3 


0.21*0.03 


0. 10±0. 03 


(dihydrate) 


















BHT 


220.36 


1 


117± 36 


17±3 


448* 99 


20±3 


0.24*0.12 


0- 12*0. 03 


BHA 


130, 25 


0.5 


I45d: 69 


20±5 


545±38l 


16*3 


0.25*0.03 


0.14*0.05 


rf/-o>TocopheroI 


472. 75 


1 


98 ± 16 


19±3 


462±152 


20*3 


0, 18±0.03 


0.08*0.03 


acetate 


















Cysteine 


121.20 


6 


1Z4± 16 


23±5 


688±282 


19±3 


0. 20±0. 05 


0. 08*0. 03 


Linoleic acid • 


302.43 


0. 06 


102 ± 33 


16±3 


547±151 


19±3 


0. 19:4:0. 02 


0. 09 ±0. 03 



Each value is the mea»±S.t>. ot 3 rats. 



Table m> Protective Effects of Antioxidants on Lipid Peroxidation Induced by CCI< 



Sample 



Molecular 
weight 



IDase 
(mmol/kg) 



Lipid peroxide 
MDA nniD]/g tissue 



Nontreated 
CCU control 

L- Ascorbic acid 
Iso as corbie acid 
Sesaino? 

Gallic acid (hydrate) 

Ferulic acjd 

Ellagic acid (dihydrate) 

BHT 

BHA 

<fl-o>Tocophero] 
<tf-ar-Tocopherol acetate 
Vitamin Kj, 

Cystearaine (hydrochloride) 

Cysteine 

L&oleie acid 







133* 74 






4312*1673 


198.11 


1 


4444*1636 '(-3*2) 


176-. 12 


1 


2403*1160*> ( 45.7) 


138. 12 


1 


212* 142» ( 98. 1) 


188,14 


1 


3695*1318 ( 14, B) 


194. 19 


1 


»4001± 302 ( 7.4) 


338.22 


0.12 


1511*1632»> ( 67.0) 


220.36 


1 


3233* 234 ( 25. 8) 


180. 25 


0.5 


3455 ± 540 ( 20. 5) 


430.72 


1 


336* 84" ( 95-1) 


472.75 


1 


148* 46*> ( 99. 6) 


450, 71 


1 


2445*1008*> ( 44. 7) 


113.60 


2 


173+ 98" < 99. 0) 


121.20 


8 


104* 32» (100.7) 


302. 43 


0, 08 


227* 18^(97.8) 



Each value U the mcan±SJ3. of 4 rat* £only CC1 A -tre>Oe4 group Is 20 rati). 



Values in partn&esej 

Protective potency <^LSS^^^±^i x l00 

iC&i *foup)-<Wo«prc»Ud group) * 

fitolficaAUy different from CC^-treated control srtmp. e) j<0.O5. b) *<0,0T. 



and j cite protecdVa potencies. 
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Table IV. Inhibition of Lipid Peroxidation of Liver Mi to coo ado ria Fraction 
Induced by Ascorbic Acid Pjus ADP-Fe* + 


Sample*' 


Molecular 
weight 


(m) 




BHA 


180.25 


3.94X10- 8 


0. 71 


Sesamo) 


138. 12 


8. 83X10" 6 


1.22 


<fl-tf-Tocopherol 


430.72 


l.olxur 5 


6.93 ' 


Gallic acid (hydrate) 


188.14 


5. 43X10-* 


10,23 


Ellagic acid (dihydrate) 


338.22 


6,16X10-' 


208,45 


Cysteamine (hydro chloride) 


113,60 


6. 35X10'* 


72* 12 


Linolcic acid 


302.43 


9. 05X10-' 


. 273.56 


Ferulic acid 


194. 19 


9.09X10" 4 


176. 54 


^ ^Tocopherol acetate 


472.75 


J. 17X10^ 


554.62 


Cysteine 


121,20 • 


4.44x10-' 


537.98 


Vitamin Ki 


450.71 


>2< 22X10"' 


> 1000. 00 



0) Each sample was dissolved in Krcbt-Rfngef phosphate buf er or 5 % Twa 20. 6) SO V, lohfbttoty concentration. 
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